NASA TECHN1ICAL TRANSLATION

NASA TT F-14469

GEOTHERMOGRAPH AND METEBROPHYTOGRAPH

by

St. Savin (ﬁb/)

a
Translation of '"Geotermograf Si Meteorofitograf,
Rumania, Institutul Meteorologic, Bucharest,

Culegere de Lucrari, 1968, rec/d July 1969,
pp. 499-503

e ——

I T Jﬁ7é—32u05
T T D

g oF-14469) cEoTHERMOGRARH AN
(NASA-TT=

i ganner
. St. 5avinl {
&EETEOROPHYTQGRAPH I

1 086
2> 8 p CSC
» iates) peb. 197

L0M 1S ¥SW
Q3A13034

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

FEBRUARY 1972



Rumania, Institutul Meteorologic, Bucharest, Culegere de Lﬁcréri » 1968,
rec'd July 1969, pp. 499-503. '

GEOTHERMOGRAPH AND METEQROPHYTOGRAPH

_ by -
St. Savin (Iﬂsi)

\

The paper gives the diagrams, the operating principle,
- and the field of implementation for two devices devised
~.by the  author to bring automation into agrometeoarological
observations, these being a geothermograph for continuous
recording of soil temperature at. various depths, and a
meteoTophytograph -- a complex device used for studying the
phytoclimate (air and soil thermal regions, air moisture
regions, atmospheric precipitations, and plant growth rate
- measured along circumference and in height}.. »

- Various t&pes of”apparatus and instruments are known for méaéuring the
soil tempergturewA The$e>include soil. thermometers witﬁ MEeTCuTy errafcohol
tenclosed in glass), resistance:thermometérszbased‘cn.tﬁe pxinéipfe'afiresis—
tance: variation of metals. to cu*rent flow as a_fhnctlon of temperature “and

thermometers with. thermoccuples,wﬁlch are a,varlatlon Gf“reSIStance thermometers-_

ThE<b351c disadvantage to these types of 1nstruments cnnsxstS'ef the
fact: that they are Incapable of'cnntmnuaus recording af the 5011 tsmperature.
This necessztates taklng readings during interesting per1od$ Aﬁntﬁer ' .
&isa&vantage is their fiagllxty, t&ey requlre eIectrlcaI Lnstallatlens with

constant voltage,;atnw



In order to ave?t these disadvantages, a recording apparatus was
constfuéted -- a geothermograph. It allows continuous recording of the soil
temperature with precision commensurate with the latest khown'instrumenté.

In agrometeorological work intended for the control of plant growth
conditions, the observations and determinations are presently carried out with
the classical meteorologicallapparatu; and with biomeﬁrical measurements;
eacﬁ element is observed éeparately and at a designated time interval. The
meteorophytographm—— a complex device -- was conceived for the automation of

the observations and agrometeorologic determinations for the study of the

phytoclimate. It allows for simultaneous recording of the principal phyto-.
ciimatic elements of the field. |

Building a protofype, witﬁ.expeiimenﬁation and. general use in
agricultural production of the proposed apparatus, could ébntribute téwards
the dynamic determination.of’the~maiﬁ phytoclimatiC“parameters'in‘the,cultivation
of plants. - It would assure reaistic data for the adaptation of agrotechnical
measuring devices as a function eof evolving agrometeoralogical conditions.

This work presents the <:fi~-a.rg-ralms‘,L operating principle and the area of
,.uiiIization of;;ﬁo apparatus conceived by thewauthor fbr~autdmatic;.agro—
meteorological observations in their respective regions. |

‘The.geothermographvrecords4saiI temperatures at various depths. The

‘mechanism is relatively simple, easy to install and maneuver, and has a

- satfstfactoixy accuracy.. Fts construction. Ei"’}.g. 133 consists of a régg’f‘ar N
bimetafiic‘plate, hermetically sealed withinea!metallie;czpsuiem Tﬁerﬁery
tﬁinrwaile&ncapsule.iéacoverediwitﬁ a.fi&}whidﬁ‘ﬁas»an:eccentricam&taIKic
centerr-gn"which«one'enﬁlofftﬁE:bimetaﬁIic~glaté is_rigidiy'att;cﬁeé- The.
:remainiﬁg 5péce.Between?the'centenr(éccentriealfy1Idcaté&} Gf'tﬁe»capsqfefs
intefiﬁr*and.its walIs:isigreater"tnwards'tﬁe:end which‘is-ﬁot'attached to -

N
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Fig. I (a, b): A diagram of the geothermograph.

Key: I. Bimetallic plate K " 9. Recording drum

2. Protecting capsule 0. Protecting tube
- 3. Eccentric center IT. Mount of the rotating capsule
4.. Small rod ’ 2. Rubber bag _
5. Eever s 13. Threaded socket (wheel box)
6. Foils, changing direction
" 7. Large rod ’ ~ _

8. Plate with pen S -

to the biﬁetallic plate. The variation in,temperature:produces Vaffingq'
dbfbrmations‘of”thg.préte at the‘two,endslﬁfree éﬁd‘rigid}, Attfhe.freenend
afitﬁemplate<é small rod is attached. ‘Its other end is attached to the Tever
and . transmits the value of the bimetaliiC'pIate"s defbrm;tioﬂ;té.fbil;‘whi¢ﬁ.
is capable of changing direction. f&e;setdﬁd, Iarger zbﬂ'is<a;taéﬁéd to fheza
1fbiI at one ené and to the end’of‘tﬁeaplate at tﬁe‘cther; whic&:amptifies :

the deformation value as a function of the joining point with the.lever.
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At the exit point from the the largé'rod's prdtectivé tube, a threaded
gear (wheel) box is mounted which can modify its length by screwing in or
unscrewing the respective rod. This controls the correct angie of the pen
which is recording the apparatus's motion. _From the protectiVe.tube, at the.
ievel of the foil capable of changing direction, extends another tube which
protects the lever and the small rod. This tube is attached by>screwing it
into the mount on the upper portion of the cépsule. The lid.wﬂich contains
the metallic center, eccentrically placed, is attached on the bottom of the
capsule with two screws whiéh pass through it and screw in at the cénter. ¢

The free space in the capsule, where the bimetallic plate oscillates,
is filled with mefcﬁ}y. At the capsule's opening towards the protective ﬁount
. & small bag of thin rubber is attached. )

The:Iogging is done on a regular thermographic diagram. When the
apparatus is used for various depths, the>recording drum is dimensioned during'
its.consffuction to~accomodate the zegisteringmdf'all the diagrams corresponding
to all the depth levels on which recording capsules were inserted.

- The prototype constructed by the means avaiIabIe to the author was
installed and operated experimentaliy'in the Agrometeorological Séétionnfbr
a period of 30 days (20 Apiil.togZOfMay l966).  Based on the observations
Ey;the Agrometeorologic;l Section dUIing_thiS'period; the fblléwing;is note&: :
The apparatus operates normally; differences yith Tespect. to £he,soii
thermometer (at,éhe same depth -- I cm} i tﬁ§~ Iimit§'6¥7;to [.8°C at
7 AM and 0.0 to I.3°C at I PM; the large frequency accurrfng'bgtweenlthe
Iimits oflG;S to i.GFCiaﬁ 7iAM.an&i@.6~to~G;SFC‘at I HMT Tﬁe-dg&iatians weré
only megative; the 3ppératﬁs>was submitted ta the author~for refinémgnt,fafter

=

which a new, rigorous observation period will ‘be necessary.



AFrom the observations obtained on the functioning of the apparatus,
as well as its construction, it ¢can be concluded that the ap?aratus operates
within admissible error limits as determined during its construction and
standardization in the specialized laboratories of the Meieorological Institute.

As a result of this verification, the improvement of the prototype
under adequate édnditions‘and with necessary materials will lead directly»to
assurance of a high degree of precision and certainty in obtaining data-
pertaining to the.dynaﬁics of soil teﬁperature.

This fact would permit the geheralized use of the apparatus, both in
-meteorological station networks as well as in agricultural practice, and in
local service of seeding-type concerns.

Moreover, the apparatus can be,mounfed alongside others, thus assuring a

complex of agrometeorological observations wﬁich cah.lead,'with inferpretation

within a short period of time, to the adoption of measuring in practical

agriculture.

Thé meteorophytograph serves in determinination and automatic recording
of the growth rate of corn, together with the primary pﬁytdclimatic factors,
antomatically drawing,é'graphlwith all fﬁé»dyhaminparaméters"

These phytoclimatiC‘parémetefs are as fbllcwé:

-— The air temperaturefat‘lgvels of 25 and, 100 cm abové.tﬁe<soi1§

- The ai:?s relative humfdity‘(&t 25 and 100 cm);

r--AImospheric.précigftationsx(ar I-Slméters);

- The soil temperature at. v;tying;&epths;.

In‘additionAto.indicé;iﬁg:tﬁe.cofn"é growth rate, fﬁé apparatué allows
‘for the determihatign of tﬁe grbﬁth rate in height (the average of 4 standard

plants). and also the growth in diameter at an establishéd knot.



Based on established correlations through research on the interdependence
betweeﬁ the above-mentioned parameters, agrotechnical measures can be adopted
corresponding in function to the evolution of vegetation conditions.
| The above-mentioned phytoclimatic parameters do not entail special
apparatus differing from the knOwn ones; the difference is only in the mode
of gdaptation to the base apparatus. The soil temperature measurement uses
the geothermograph descriﬁed earlier.

Located in the apparatus components as shown in Fig. 2 is a tall drum,

1 meter>in height,.and protected by a metal frame with a Iongitudinal slit
facing the drum (the opening thrdugh which the recording pens extend).

The apparatus is installed vertically near the plant, on its north
side. r | |

' On the lower part of the apparatus the geothermograph is mounted along
with one or more ?eceiving capsules éorfesponding to determined depths.

Mounted on the frame above the recording ﬁortion.df’the geothermograph
are the thermograph and the hygrograph for the 20 cm level. Located above
the first thefmograbh'is the pluviograph (whose collecting funnel is mounted
asove the meteorophytograph at an altitude of 1.5 meters from the ground).

Also two recorders (a thermégraﬁh‘and a hygrogréph) are iﬁstalle& on
the upper portion of the recording drums, corresponding to a level of 100 cm.
The thermographs and the hygrographs differ frO@Athe‘ordinary apparatus by —

) haviﬁg adapters on the carrying arms of thémpens for thé purpose of enhancing
the amplification system. i
The: recording of the growth fate»of’corn is obtained with a fixed penﬁ
on-tﬁe.horizontal &rm.offa:very Iight Carriage«wﬁich sli&ES on thrfezguide
.fdés along the Iéngitudinal opening through which ﬁhe-pen reaches the

—~recording drum. The carriage is placed. above the plant such that the horizontal
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Fig. 2 (a, b): The diagram of a meteorophytograph.

Key: 1. Geothermograph I1. Drum

' 2. Thermograph I : 12, Protective case
3. Pluviograph (rain measure) |, - 13. Longitudinal opening of
4. Pluviograph lead . the frame, towards the pen
5. Hygrograph N '
6. Thermograph II, hygrograph II -
7. Truck ’
8, 9, 10. Guide rods . -

- arm‘ig ekacfly at'the~center-where‘tﬁe Teaves b;ossom<(sbfead). Along with

the-paniclé; at the location where the Iea;es‘&etach,'a small plastic fumnel
is installed. In;this manner the plant raises the.pen;carriage by growing.~
Erbm;the‘panicfe's{iﬁceptionx the carriage is éttached:to~the base part Of.‘

the panicle.

Translated from the original Rumanian by LEO kANNER ASSOCIATES, P.O. Bok 5187,
Redwood City, California 94063, (415) 365-3046, January 1972.
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